computer simulation. Multiple jumps have been found to play a central role in the atomic dynamics at high temperature, and have been shown to be responsible for an upward curvature in the Arrhenius plot of the diffusion coefficient. Appropriate saddle points on the potential energy surface have been found, supporting the interpretation of vacancy multiple jumps as distinct migration mechanisms.
1 Several face-centered cubic metals, such as Ag, Cu, Au, Ni, and Pt, exhibit an upward curvature in the Arrhenius plot of the atomic self-diffusion coefficient close to the melting point [1] . To explain this effect, three mechanisms have been proposed [2] : (a) different types of defects (such as monovacancies and divacancies) contributing to the diffusion process with different activation energies [3] ; (b) an intrinsic temperature dependence of enthalpy and entropy changes associated with the formation and migration of monovacancies [4] ; (c) contributions from double jumps of monovacancies [5] . In this Letter we report molecular dynamics simulations in gold aimed at characterizing qualitatively and quantitatively the effect of correlated multiple jumps on the temperature dependence of the diffusion coefficient. Furthermore, from detailed studies of the potential energy surface, we provide a new microscopic interpretation of-at least-the double jump mechanism 1 .
It has already been known for some time that correlated jumps occur in the diffusion of vacancies in solids close to melting [5, 6, 7] , but no statistically relevant measurements of this effect have been reported yet. Our results, based on the analysis of a large number of events, show that multiple jumps are present and very effective in bending the Arrhenius plot near the melting
point. An interpretation of their microscopic nature has also been needed, in order to integrate them into the framework of those recent developments in the theory of diffusion that explicitly take into account dynamical effects [8] .
Empirical or semi-empirical many-body Hamiltonians developed in the last years have proved to be much more realistic for metals than pair potentials used in the past, in particular to describe surfaces or defects. The system we have used in our simulation consists of 255 particles with periodic boundary conditions, interacting via the "glue" many-body potential [9] , which is well suited for our study since it reproduces rather well the melting temperature and the thermal expansion of Au, as well as the T = 0 energetics of a monovacancy. We have analyzed all the vacancy jumps in runs performed at twelve different temperatures, between 1000K and 1550K, at steps of 50K.
All the runs are done in the microcanonical ensemble, where temperature is defined by time averaging the total kinetic energy. At each temperature, the lattice spacing is obtained by an independent zero-pressure simulation of a perfect crystal. Since melting occurs near 1350K in this model [9] , runs at 1400K, 1450K, 1500K and 1550K refer to an overheated crystal which, in the absence of free surfaces, remains stable within the simulation time scale (mechanical instability was reached around 1600K). We find these runs to be very useful to observe the trends of the diffusion mechanisms at high temperatures, even if they cannot be directly compared with experimental results. With the exception of the runs at 1000K, 1050K and 1100K, where the jump rate is particularly low, the runs are made long enough to contain ∼ 800 jumps in order to obtain sufficient statistics of rare correlated jumps.
This requires a run length of 57 ns (8 × 10 6 MD steps) at T = 1150K, and progressively shorter runs at higher temperatures.
From the Arrhenius plot shown in fig. 1 (filled circles), it can already be seen that migration of monovacancies alone-the only type of defect present in our simulation-produce a measurable curvature. The curve bends just below T m and continues with a higher slope into the superheated region.
The quantity plotted is the atomic migration contribution to the diffusion coefficient, defined as
where t is the run length, u From this second step of our analysis, it is clear that the upward curvature observed in our simulation is due to correlated jumps.
We have proceeded in analyzing these correlated events in terms of the angles between the directions of successive vacancy jumps. jumps also increase, but behave quite erratically with temperature. These last events correspond to return jumps of the same atom and do not contribute to the diffusion. In agreement with the previously given definition, in the following we will call double jumps only those events involving two atoms.
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The apparent activation energies for the separate groups are: 1.9, 1.6, 1.9 and 1.6 ± 0.2 eV for 0 • , 60
• , 90
• and 120
• double jumps, respectively.
The question now arises if these correlated jumps correspond to dynamical effects or to different jump mechanisms [7] . The first situation would imply the fast successive crossing of two single jump barriers in series, the latter the crossing of a different, higher barrier, specific for each double jump. To Direction η − corresponds to the first half of the jump: the atom in front is slower than the one behind it, so that their separation decreases (as also seen by the overlap of the two jumping atoms). Direction η + corresponds to the second half of the jump: the atom in front is faster.
Completion of a double jump therefore requires a change of the unstable normal mode to occur near the central position.
